Abstract. The shape identification analysis is carried out to obtain the unknown defects
INTRODUCTION
Thermal testing method is known as a kind of non-destructive testing for estimating corrosion in structures in fields of civil and mechanical engineering. This testing method is intended to find out existence of defects by thermal image of thermography. In addition, it has the advantage that can give defect inspection through the positon of surfaces. An example of a thermal image of the top surface of test piece having a cavity which is heated from the lower surface is shown in Figure 1 . Then outer and inner test piece have different temperatures, being able to estimate that the test piece has a defect. However there are some cases too difficult to find out defects, depending on the size and depth of the defects. On the other hand, by applying a thermal testing method, studies to identify the defect shape by inverse analysis method from time history of temperature [1, 2] is carried out. In previous studies, it is concluded that the corrosion shape of the concrete can be identified if assuming the initial corrosion shape as appropriate. In the fields of optimal control problems, the study about reduction of convergence for performance function [3, 4] .
In this study, we use the resin structure created by 3D printer such that the shape of cavity is freely changed. The purpose of this study is to identify the cavity shape based on the inverse analysis, and to carry out the improvement of the treatment in computation of the shape identification. 
EXPERIMENT BY THERMAL NONDESTRUCTIVE TESTING METHOD

Measurement situation
The photo of experiment is shown in Figure 2 , and the drawing of test piece used this study is shown in Figure 3 (a). The sample has been made of ABS resin and created by 3D printer. Then a test piece with a cavity having a thickness of 10mm and a test piece without cavity are also created. Pair of test pieces (15mm thickness cavity, no cavity) are set on hot plate, heated up for 1200 seconds, and thermal observation at two observation points on the surface with a thermocouple is carried out every 10 seconds. Observation point is placed on the upper surface of the thick point (Point A) and thin portion (Point B) of the cavity thickness (See Figure  3(b) ).
Observational result
The measured temperature history at Point A and Point B is shown in Figure 4 (a) and (b). As a result, without relation to presence or absence of the cavity, there are no big difference in temperature history observed at Point B. However, in Point A, it is confirmed a tendency that the temperature of the test piece with a cavity increases more than the test piece without a cavity at the same time. This is considered to effect due to the influence of heat transfer from the air which is heated in the cavity. Similar experiment are also carried out using a test piece with a cavity having a thickness of 10mm. The temperature history measured at Point A and Point B is shown in Figure 5 (a) and (b). From the results, it is found that the temperature difference at Point A is small compared the case with a test piece cavity thickness 15mm. Thus, the thickness of the cavity difference, it can be seen that the result is a difference in the temperature history at the test piece surface.
SHAPE IDENTIFICATION ANALYSIS
Using thermal properties found out previous chapter, the shape identification analysis is carried out. Initial shape model is given as including the cavity thickness 13mm, we set target shape as cavity thickness 15mm.
State equation
Formulation in the shape identification analysis is described below. In this study, the whole domain of the test piece is denoted as Ω. Then temperature distribution  satisfies heat transfer (2).
where ρ, c, κ, ni, h1, h2, inf  and cav  denote density, specific heat, thermal conductivity, unit normal vector, heat transfer coefficient of inside cavity, heat transfer coefficient of outside surface, surrounding temperature, temperature inside cavity. Γ1 means lower surface, Γ2 means outside surfaces, and Γ3 means surface of cavity (See Figure 6 ).
Performance function
To evaluate computed temperature history, following performance function is defined. 
Lagrangian function
Applying adjoint variable λ, following Lagrangian function is obtained to minimize performance function [6, 7] . The adjoint variable method is one of the minimization technique of the performance function, and is suitable for the inverse problems such that a lot of unknown parameters should be solved.
First variation which is necessary condition that Lagrangian function become minimization is shown in equation (5). Stationary condition is given as condition that each terms equal zero.
where xi indicates transplantable nodes.
Finite element equation
Shape function for four-node tetrahedral element is introduced into state equation to discretize the state equation spatially with Galerkin method. In addition, the equation is discretized in time based the Crank-Nicolson method. The finite element equation is shown in equation (6) . 
In equation (6) (8) 
Adjoint equation
From the first variation of the Lagrangian function, following adjoint equation and conditions are obtained. This equation manifests oneself as adjoint problem to calculate λ. 
Gradient vector of the Lagrangian function
Final term in equation (5) can be calculated with adjoint variable as following equation:
Nodal positions are updated with gradient vector. In this method, the update of the coordinate on cavity surface and the re-evaluation of the temperature difference at observation points are iteratively carried out according to steepest descent method [7] .
Computational condition
The finite element model of the test piece is shown in Figure 7 . The model is composed four-node tetrahedral element. Total number of nodes are 1460, and total number of elements are 5552. The computational conditions are referred to experiment and given as Table 1 . Thermal properties for the test piece is given as shown in Table 2 considering the thing which the ABS resin is not filled enough as shown in Figure 8 . The observational data at Point A in the previous experiment (See Figure 4 (a) ) is employed as observed temperature. In addition, the time history of temperature on the hot plate and temperature within the cavity as boundary conditions are shown in Figure 9 (a) and (b). 
SMOOTHING PROCESS
The smoothing process for gradient vector is introduced to modify the oscillation of the gradient vector with respect to coordinate on cavity surface. For the smoothing method, Gaussian filter [8] is employed. Looking at the surface of the cavity as two-dimensional surface, the gradient vector is smoothed.
Gaussian filter
Gaussian filter is a kind of the smoothing filter for the field of graphics. In smoothing method with Gaussian filter input of weighting parameter, value of the target nodes is determined by value of all nodes on the same plane. And the Gaussian filter has the advantage that the extent of the smoothing process is adjustable with the parameter σ. The weighting parameter in Gaussian filter [9] is defined as following equation: 
where x and y is the distance of x-axial distance and y-axial distance between the target node and referenced node. The weighting parameter becomes large value if the distance is short. The parameter σ which is comparable to the variance in Gaussian distribution determines flattening of the distribution. In addition, as the summation of the weighting parameter for the target node becomes 1, we multiply the weighting parameter by the summation. The weighting parameter for node m to node n is shown in following equation: 
Shape identification introducing Gaussian filter
In the Gaussian filter, the parameter σ is given as 20, and the shape identification analysis is carried out. The identified shape of the cavity is shown in Figure 11 (a) . The surface of the cavity is smoother than the result without smoothing process in previous section. As the variation of performance function, in the case using Gaussian filter, number of iteration is larger and performance function is lower (See Figure 11(b) ). It is confirmed that the temperature comes closer to observed value by applying smoothing process. 
CONCLUSIONS
In this study, the shape identification problem of the cavity in the structure based thermal testing method is carried out. The test piece including a cavity that the shape is variable made by 3D printer is heated from undersurface and the temperature is observed. The shape identification analysis, based the finite element method for four-node tetrahedral element and adjoint variable method, discretizing equations spatially and temporally with Galerkin method and Crank-Nicolson method, is carried out. In the identification process, Gaussian filter is employed to smooth the movement of nodes. The results in this study are shown below.
 When the test piece is heated from lower surface, the temperature of the test piece including a cavity is higher than the one without cavity at the same observation point and time, the temperature at face just above the cavity is especially high.
 The temperature history of the test piece on heating changes depending on the cavity size, the temperature becomes highly as the cavity is larger.
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 Using Gaussian filter and smoothing gradient vector, the identified shape of the cavity is smoother than the result without smoothing process, and calculated temperature comes closer to observed temperature.
